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摘  要 
I 
摘  要 
前胡为伞形科植物白花前胡 (Peucedanum praeruptorum Dunn) 的干燥根，
现代药理研究发现白花前胡具有较强的抗心脑缺血、松弛血管平滑肌等作用。白
花前胡甲素 [(±) praeruptorin A，Pd-Ia]为白花前胡的主要有效成分之一，有关











3. Pd-Ia 脂质体大鼠体内药动学研究。采用 LC-MS 方法来测定 Pd-Ia 在血浆
中的含量，采用大鼠颈静脉和颈动脉插管术考察 Pd-Ia 脂质体高、中、低三个给
药剂量组 (20 mg/kg、10 mg/kg、5 mg/kg) 和对照组 (游离的 Pd-Ia 组，剂量为
10 mg/kg) 在大鼠体内的药动学，结果显示，Pd-Ia 脂质体中剂量组的 t1/2 和 
AUC0—∞与对照组相比都存在显著性差异 (P<0.05)，分别为对照组的 1.45 倍和
1.4 倍，可以说明 Pd-Ia 脂质体能显著提高 Pd-Ia 在大鼠体内的半衰期与体内的生
物利用度。 
4. Pd-Ia 脂质体大鼠体内组织分布学研究。大鼠静脉注射给予相同剂量 (10 
mg/kg) 的 Pd-Ia 脂质体和 Pd-Ia 游离药物，药物迅速分布到各个组织中，Pd-Ia
脂质体在肝、脾、肾中的含量高于游离药物组，对肝、脾、肾有靶向作用 (Re>1)。
Pd-Ia 脂质体在肺内的 AUC 大， Pd-Ia 脂质体在肺部有明显的靶向性，可考虑































Qianhu is dry radix of Peucedanum praeruptorum Dunn, Modern pharmacology 
studies showed its effects of anti-ischemia in brain and heart, relaxing vascular 
smooth muscle and so on. dl-Praeruptorin A (Pd-Ia), as one of the main active 
constituents, is not reported in preparation research yet. Based on its lipid solubility, 
short halftime and low bioavailability, combined with its target to ischemic 
myocardial especially myocardial infarction, we preparaed liposomes as its 
formulation. The following parts are included in this paper. 
1. The analysis method of Pd-Ia in vitro was established. We determined the 
content of  Pd-Ia in Pd-Ia liposome with high performance liquid chromatography 
and studied related index, such as specificity, precision and recovery. 
2. Preparation of Pd-Ia liposome. Pd-Ia liposome was prepared by ethanol 
injection method, free drug was seperated from liposome through the millipore filter. 
The factors in the formulations such as species of phospholipids, water solvents, 
concentration of phospholipids, ratio of drug and lipid were tested, the formulation 
was further optimized by orthogonal experiment. The best formulation included 5% 
soyabean lecithin, with the ratio of drug and lipid 1:16 (W/W), the ratio of drug and 
lipid 1:25 (W/W), the average EE% of best formulation was 93.2% and the average 
size was 128.0±9.6 nm. Quality evaluation of Pd-Ia liposome was also included. 
3. Study on pharmacokinetics of Pd-Ia liposome in rats. Determination of Pd-Ia 
in plasma and tissues was developed by LC-MS method. The plasma concentration of 
Pd-Ia after i.v. administration Pd-Ia liposome at dose of  20 mg/kg, 10 mg/kg, 5 
mg/kg and Pd-Ia solution at a dose of 10 mg/kg were determined. The result showed 
that half-time and AUC of  Pd-Ia liposome (10 mg/kg) were 1.45 and 1.4-fold higher 
than that of Pd-Ia solution (10 mg/kg) respectively and it was statistically significant 
















4. Study on tissue distribution of Pd-Ia liposome in rats. Studies indicated that 
Pd-Ia liposome were rapidly distributed to tissues, after injection of same dose of 
Pd-Ia liposome and Pd-Ia solution (10mg/kg), the contents of Pd-Ia were higher than 
those of Pd-Ia solution in liver, spleen and kidney, in another word, it’s targeted to 
liver, spleen and kidney (Re>1). Based on largest AUC in lung and significant target 
to lung, research on lung could be considered. Last but not the least, Pd-Ia liposome 
also had heart-targeting (Re>1), it provided a theoretical basis for the following study 
on heart-related diseases. 
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是常用中药材之一[2]。当归属植物紫花前胡 [Angelica decursivum (Miq.)Franch•et 
Sav.] 在亲缘关系上与白花前胡较远，并且二者特征性成分亦有差别，中国药典
2005 年版将其从前胡来源中剔除[3]。白花前胡主要含有香豆素类化合物：前胡甲
素、乙素、 丙素、 E 素等[4]。研究显示白花前胡甲素 [(±)-praeruptorin A，Pd-Ia] 
是白花前胡的主要有效成分，是从白花前胡根中提取的一种角型吡喃香豆精
(angular.type pyranocoumarin)，是白花前胡丙素 [(+)-praeruptorin] 的消旋体，结
构见图 1.1。 
 
图 1.1  白花前胡甲素的结构式 

















1.1.2.1 白花前胡甲素(Pd-Ia)对气管平滑肌的作用  
白花前胡甲素有舒张肠管平滑肌作用和钙拮抗作用[5,6]。 
关福兰等[7]研究了 Pd-Ia 对高 K+，乙酰胆碱 (Ach) 预收缩的离体家兔气管平
滑肌的影响。结果显示 Pd-Ia 对高 K+及 Ach 诱发的离体家兔气管平滑肌有较强
的松弛作用，尤其对高 K+引发收缩反应的松弛作用比较强。高 K+使气管平滑肌
膜去极化，引起电位依赖性钙通道 (potential dependent Ca2+ channel，PDC)开放，
钙跨膜内流导致平滑肌收缩。Pd-Ia 对高 K+收缩的较强抑制作用，提示其可能具
有对 PDC 选择性的阻滞作用。Pd-Ia 对气管平滑肌的松弛作用与维拉帕米相似，
其作用机制可考虑为对高 K+引发收缩反应的较强抑制作用与抑制 PDC 有关；而
对 Ach 诱发收缩反应的抑制作用与抑制细胞内 Ca2+释放有关。 
1.1.2.2 白花前胡甲素 (Pd-Ia) 对心肌细胞的作用[5,8]  
现代药理学对 Pd-Ia 的研究重心放在其对心肌细胞的作用。缺血性心脏病在
重建血供时会诱导肿瘤坏死因子 (TNF-α)、白介素- 6 (IL- 6)、细胞间黏附分子-1 





常天辉等[10,11]研究了 Pd-Ia 与白花前胡对缺血再灌注心肌 IL-6 水平及凋亡蛋
白质的影响。开胸麻醉大鼠，左冠动脉前降支缺血 30 min 然后再灌注 120 min；
放射免疫法测定血清 IL-6 水平；利用计算机图像分析系统和免疫组化法检测心
肌 Bcl-2、Bax 和 Fas 蛋白表达；苏木精-依红染色后于光镜中观察嗜中白细胞浸
润情况。结果表明：Pd-Ia 及白花前胡粗提取物在降压以及不影响心率的前提下，
减少缺血再灌注心肌中 IL-6 水平及心肌 Bcl-2、Bax 和 Fas 蛋白表达，增加心肌 
Bcl-2、Bax 和 Fas 的比率，IL-6 水平与 Bcl-2、Bax 和 Fas 蛋白表达之间呈密切
的线性关系，并且嗜中白细胞只有轻微浸润。由此说明 Pd-Ia 与白花前胡粗提取
物在防治缺血心肌细胞死亡上呈现新靶位，可能与心肌缺血再灌注期间机体自身
























势。同时两者均能降低天门冬胺酸氨基转换酶 (AST)，肌酸激酶 (CK) 及同工酶




观察并对比研究了白花前胡及 Pd-Ia 对大鼠急性 I/R 时血清中超氧化物歧化酶
(SOD)、脂质过氧化物分解产物丙二醛 (MDA) 的影响。通过测定大鼠血清中
SOD、MDA 作为判断心肌 I/ R 受损的指标。实验结果表明，白花前胡及 Pd-Ia 均
能显著提高心肌 I/R 模型大鼠血清中 SOD 活性，减少氧自由基作用于心肌脂膜
生成的 MDA，故可增强内源性氧自由基的清除功能。该研究为白花前胡及 Pd-Ia
具有保护心肌 I/R 损伤提供理论依据；此外，白花前胡及 Pd-Ia 作为 Ca2+通道阻
滞剂和 K+通道开放剂还有可能通过阻滞 Ca2+内流使细胞 Ca2+减少，进而减少因
蛋白水解酶引起 XO 转化，减少活性氧的产生；通过激活 ATP 敏感性 K+通道来
抑制 I/ R 时白细胞介导的氧自由基产生并减少自由脂肪酸等有害代谢物形成。 
王颖等[15]探讨了 Pd-Ia 对 Ang II 诱导的心肌细胞肥大及核转录因子 c-Jun 蛋
白表达水平的影响，研究结果表明 Pd-Ia 能够拮抗 Ang II 诱导的心肌细胞肥大，
其机制可能与抑制 Ang II 诱导的心肌细胞 c-Jun 蛋白表达上调有关。 
1.2 脂质体简介  
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